Several recent publications have presented different estimates for the prevalence of overweight among youth in the United States. Prevalence estimates range from 11 ± 24%, despite describing the same results from the third National Health and Nutrition Examination Survey (NHANES III). This paper discusses the variety and evolution of different overweight prevalence estimates. Issues of de®nition, measurements, criteria selection and comparison groups are considered and implications for estimates of the prevalence of overweight among youth are explored. Reference percentiles for body mass index (BMI) from several publications are compared. The differences in published estimates from NHANES III are noted and explained.
Introduction
Since 1994 several publications have documented and commented on the increasing prevalence of overweight among youth in the United States. 1 ± 5 The prevalence estimates from these articles range from 11 ± 24%. However, the various estimates and interpretations are all derived from the same data, results from the third National Health and Nutrition Examination Survey (NHANES III). 6 The purpose of this paper is to discuss and comment on the reasons for such a wide variety of estimates for the prevalence of overweight among children and adolescents. Although the focus of this paper is on the overweight prevalence estimates derived from NHANES III, 6 issues of concern when estimating overweight prevalence among youth also apply to estimating the prevalence of obesity, and both conditions will be discussed.
Many dilemmas arise when trying to quantify the number of overweight or obese children. What is meant by`overweight' or`obese' when used to describe youth? What measure or measures should be used to classify children? How do we decide what values of a measure indicate overweight or obesity? What comparison group should be used? Some of these issues have been discussed elsewhere. 7 Here, we explore these issues in more detail and discuss the implications in terms of the varying estimates of the prevalence of overweight among youth.
What does it mean to be overweight or obese?
The terms obesity and overweight are frequently used interchangeably, but they are distinct conditions. Obesity indicates excess adipose tissue, whereas overweight indicates excess weight for height, regardless of the composition of the weight. Obesity is often the variable of interest, but it is sometimes impractical to obtain a direct measure. To assess obesity, one should have a measure of adipose tissue. To assess overweight, only a scale to measure weight and a stadiometer to measure height are needed.
Measures of body weight tend to be correlated with adiposity, especially in the case of extreme overweight. 8 However, because of changes in body composition during growth, a given weight-for-height may re¯ect different proportions of lean and adipose tissue depending upon developmental stage. For example, disproportionate accretion of adipose tissue occurs during female adolescence, whereas male adolescence is characterized primarily by accretion of lean tissue. 9 Differences in body composition during growth mean that the relationship between weight-for-height measures and adiposity during childhood and adolescence is age-dependent and varies by race and gender. 10 Despite these caveats, for many purposes, weightfor-height can serve as a proxy for degree of adiposity. Weight alone is not suf®cient, because weight is highly correlated with height. 9 Comparisons among various weight-for-height indices have led to selection of the body mass index BMIY kgam 2 as most desirable, although other measures, such as the ponderal index makg À1a3 or Rohrer index kgam 3 are sometimes used.
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What measure should be used to classify children as overweight or obese?
Strictly speaking, a measure of adipose tissue is required to classify an individual as obese. Skinfold thickness, which can be measured at several sites, is a commonly used measurement of subcutaneous adipose tissue. Although not a direct assessment of body fat mass, prediction equations are available to estimate body fat mass from skinfolds and other anthropometry. 12 However, skinfold thickness measurements are subject to substantial inter-and intra-user variability, which limits their usefulness for large epidemiological studies and for monitoring changes over time. 13, 14 More sophisticated measures of body composition, usually restricted to research settings, include densitometry and dual-energy X-ray absorptiometry (DEXA) for total body composition, and magnetic resonance imaging (MRI) and computed tomography (CT) for assessment of visceral adiposity or other sitespeci®c measures. 12 Bioelectrical impedance analysis (BIA) instruments are smaller and less expensive than other devices for body composition and are found in settings as diverse as research laboratories and health clubs. The prediction equations in the software of BIA devices from different manufacturers are not standaridized and are speci®c to the population used to derive them. 15, 16 Height and weight are easy to obtain in a variety of clinical and ®eld settings with reasonable precision, using instruments that are relatively inexpensive and portable. Because measurements of height and weight are readily standardized, these measurements can be compared between different groups. An additional bene®t of height and weight measures is their comparability over time. This aspect is important for evaluating trends or longitudinal data and allows historical data from hospital, school, or other records to be used for retrospective studies.
How do we de®ne excess?
Whatever measure is used needs to be compared to some criterion value in order to categorize an individual as obese or overweight. For adults, criteria for excess weight-for-height have been determined based on longevity and morbidity associations with various levels of weight. Well known examples of such criteria are the various weight-height tables published by the Metropolitan Life Insurance Company. 17 ± 20 More recently, risk-based BMI criteria for adult overweight and obesity have been established. 21, 22 It is unclear what risk-related criteria might be used to de®ne overweight or obesity for youth. Possible criteria include associations with adult morbidity and mortality, associations with cardiovascular risk factors (such as blood pressure or serum lipids in youth) or associations with adult obesity. Determining criteria for excess fat or weight among youth based on morbidity or mortality associations is dif®cult because of the long time-span before observing adverse outcomes. 7 Associations between elevated weight or adiposity and cardiovascular risk factors have been observed among youth, but the studies do not have suf®cient sample sizes to determine classi®cation criteria. 23 ± 25 The BMI during youth is associated with overweight status in adulthood, but the predictive value varies with the degree of heaviness and the age at which youth BMI is observed. 26 Further complicating attempts to associate weight status in youth with likelihood of adult obesity are observations that the timing of both the adiposity rebound (the nadir of the BMI by age curve) and adolescence are associated with adult obesity. 27, 28 Because of the dif®culty in determining risk-related criteria of overweight or obesity for youth, a statistical approach is commonly used.
In a statistical approach, a percentile value from adiposity-or weight-based measures in a reference population is chosen to distinguish values indicating obesity or overweight from normal or desirable values. Common percentile choices for cutoff values to de®ne overweight or obesity include the 85th, 90th or 95th percentiles. These values are chosen relatively arbitrarily without a clear relationship to physiological outcomes and as a result, the same cutoff values are not used by everyone. In addition, these percentile cutoffs may be applied to a variety of anthropometric measures, including skinfolds at an anatomical site, the sum of skinfolds from multiple sites, BMI, weightfor-height, weight-for-age and so forth. A wide variety of statistical de®nitions for overweight or obesity may be generated.
Until recently, the BMI values of 27.8 and 27.3 were used to indicate overweight for adult males and females, respectively. These values represent the 85th percentile of BMI from NHANES II for persons aged 20 ± 29 y. 29 The use of these values as overweight criteria, was reinforced by the National Institutes of Health (NIH) Consensus Development Conference on Health Implications of Obesity, 30 when it was noticed that these statistical criteria were not substantially different from the 20% above desirable weight cutoff values from the Metropolitan Life Insurance Company Tables. A body weight of ! 207 over the desirable level was judged to indicate an established health hazard and to indicate need for weight reduction. 30 The World Health Organisation (WHO) has published non-gender speci®c BMI criteria for overweight and obesity, with a BMI of ! 25.0 indicating overweight and a BMI of ! 30X0 indicating obesity, further classi®ed as Class I (BMI 30.0 ± 34.9), II (BMI 35.0 ± 39.9) or III (BMI! 40X0) obesity. 22 A single BMI cutoff value for all ages, as used for adults, will not work for children and adolescents. Among children, BMI normally varies considerably with age, decreasing in early years and increasing with age after about the age of 6 y. 31, 32 These changes with growth necessitate age-speci®c criteria, as a single cut-off would categorize older children as overweight due to the age-related increase in BMI. This may in part be due to a higher correlation between BMI and height than is observed for adults. Gender differences in body composition and the timing of growth patterns, especially around adolescence, make gender-speci®c criteria also desirable.
The baseline value of overweight prevalence among adolescents for the Healthy People 2000 National Health Promotion and Disease Prevention Objectives 33 was based on gender-and age-speci®c 85th percentile values of BMI from NHANES II, 34 the same percentile value used for adults. 29 Consideration of issues related to overweight tracking, stigmatization and risks of weight reduction, as well as the particular needs of screening, led to selection of the gender-and agespeci®c 95th percentile of BMI as the overweight criterion in guidelines for adolescent preventive services. 35 The 95th percentile of BMI was also recommended for epidemiological applications for the same reasons, as well as to increase speci®city for obesity. 2 Choice of percentile cutoff can dramatically affect prevalence estimates, as will be seen below.
What comparison group should be used?
A statistical criterion for overweight or obesity is a selected percentile of a measurement from a reference population. The selected percentile de®nes a cut-off value for particular groups de®ned by gender, age, or other characteristics. The reference population sample needs to be large enough to provide a reasonable distribution for the measurement of interest for the groups desired. When outlying percentiles (for example, 5th, 95th) are needed, the necessary sample size can be quite large. 36 Even large national samples can have insuf®cient sample sizes for characterizing subpopulations. Nationally representative samples are desirable for comparing individuals or groups in the US.
The National Center for Health Statistics (NCHS) of the Centers for Disease Control and Prevention (CDC) has conducted ®ve nationally representative surveys that included height and weight among other measures of children and adolescents. These are the National Health Examination Surveys (NHESs), which had measures for children aged 6 ± 11 y in cycle 2 (NHES II, 1963 ± 1965) 37 and ages 12 ± 17 y in cycle 3 (NHES III, 1966 ± 1970), 38 and the ®rst (NHANES I, 1971 ± 1974), 39 second (NHANES II, 1976 ± 1980), 34 and third (NHANES III, 1988 ± 1994) 6 National Health and Nutrition Examination Surveys. Data from these surveys, either singly or in combination, have been used to provide population reference distributions. The NHES cycles are attractive because the focus of each cycle on a narrow age range led to large samples for children and adolescents, whereas the NHANES inclusion of a greater age range generally provides fewer children and adolescents. 2 The 1977 set of growth charts produced by NCHS 40,41 is a well-known example of a population reference. Although the 1977 growth charts do not include a BMI reference, the charts are being revised and will include BMI percentiles for age 2 ± 19 y. As is the case for the 1977 growth charts, the revised preference percentiles will be age-and gender-speci®c for the US population.
The lack of an accepted BMI reference, coupled with the need for one, led to the development and use of a variety of national or other reference data to characterize youth. These references were based on different data sources and used different analytic approaches. Some investigators applied smoothing procedures to reduce irregularities in empirical percentiles, whereas others used unsmoothed percentiles. Reference data or applications included percentiles from NHES II and NHES III, 2,3 NHANES I, 42 ± 44 NHANES II 1,4,33 and combinations of survey data 5, 45 or combinations of survey plus other study data. 46 The differences among these references have implications for their interpretation. References based on survey data that incorporated the statistical sample weights 1 ± 5,33,42,43 are nationally representative. Those references that did not use the weights associated with the survey 44 ± 46 or combined national survey data with other data 46 may provide a large sample, but are not representative of any population. In the case of survey data analyzed without sample weights, bias can result from the unequal probabilities of selection in the survey design. For example, in NHANES III, 6 non-Hispanic blacks and Mexican-Americans were oversampled relative to their population proportion to provide better estimates for these groups. Non-Hispanic blacks and Mexican-Americans each represent approximately 30% of the NHANES III sample, but represent approximately 12% and 6% of the national population, respectively. 47 The sample weights compensate for the unequal probability of selection. Unweighted analysis will lead to a relative over-representation of groups that were oversampled.
Smoothing approaches, particularly the groups included in the smoothing, can also cause differences. Must et al 42, 43 conducted smoothing across the age ranges for 6 ± 74 y from NHANES I data, including the entire sample for population estimates and also and only included data from white children and adolescents. These differences in analytical approach lead to different percentiles from the same data source.
The revised NCHSaCDC growth charts will provide a useful reference for longitudinally tracking weight status of youth in clinical settings and for de®ning overweight for epidemiological applications. The revised charts are the result of a process that began when oversampling children aged 2 ± 5 y was included in plans for NHANES III. 47 Over the intervening years, the growth chart revision included input from many experts in workshops designed to address general issues, to explore the inclusion or exclusion of data from low birth weight infants, and to consider the effect of secular trends on pooling data from multiple NCHS surveys. 48, 49 The revised growth charts will be based on data from national samples collected by NCHS for all ages. These charts incorporate data from all of the national surveys to date, providing a large sample to estimate a wide range of smoothed percentiles. Use of these data will allow comparision of anthropometry measures in individuals or smaller studies with a representative reference for the US population.
An additional note about growth charts as a population reference needs to be made. The current and the revised NCHS growth charts each describe a population reference drawn mostly or entirely from nationally representative data. They do not represent an ideal or normative population. The individuals are selected based on demographic characteristics; their selection is not based on any health characteristic. However, common terminology can obscure this fact and lead to misunderstanding. In clinical and research applications, children and adolescents are described as overweight or obese when their weight for height exceeds some percentage b 1007 of`ideal body weight'. This concept, carried over from the terminology once applied to the Metropolitan Life Tables, 17, 18 is applied to the growth charts, with`ideal' represented in some cases by the median value of the reference population, and in others by the weightfor-age percentile corresponding to the child's heightfor-age percentile (see for example, Refs 50, 51) . Nothing about the growth charts is intended to represent an ideal situation.
It is easy to see how different prevalence estimates can be derived from one data set. Prevalence estimates for a given outcome, such as BMI, can be affected by choice of cut-off and choice of reference population. Use of different measures, such as BMI vs skinfolds, can further complicate comparisons. 7 So what has led to the variety of overweight prevalence estimates among youth from the NHANES III data? (Table 1) The ®rst publication of these data was an update on the population status relative to the Healthy People 2000 Objectives using data from the ®rst three years of NHANES III. 1 The de®nition of overweight adolescents in Healthy People 2000 Objectives was based on the 85th percentile of BMI from NHANES II. 33 This de®nition resulted in an overweight prevalence estimate of 21% for youth aged 12 ± 19 y in the US. An expanded presentation of overweight prevalence and trends followed using the same data but a different reference population. 2 Unsmoothed data from NHES II 37 and NHES III 38 provided the reference distribution, and prevalence estimates using both the 85th and 95th percentiles were presented. Overweight prevalence for youth aged 6 ± 11 y of both sexes using the 95th percentile of BMI was 11%, and using the 85th percentile was 22%. Overweight prevalence estimates for ages 12 ± 17 y were also 11% and 22%, respectively, by these de®nitions, resulting in overall prevalences of 11% and 22% for ages 6 ± 17 y by the two percentile cut-offs. The 95th percentile of BMI was recommended as the de®nition for overweight, but press reports of these data included statements such as one in ®ve or nearly one quarter of children were overweight (based on the 85th percentile cutoff estimate of 22%) and the rate had recently more than doubled (based on the 95th percentile cutoff estimate of 11% compared to 5% in the NHES).
Further reports used data from the entire six years (1988 ± 1994) of NHANES III. The 85th percentile of BMI from NHANES II was used again to de®ne overweight for the Healthy People 2000 Nutrition Update, 4 resulting in a prevalence estimate of 24% for youth aged 12 ± 19 y. An article in the Morbidity and Mortality Weekly Report 3 updated overweight estimates and used the 95th percentile from NHES II and NHES III, providing overweight prevalence estimates of 14% for ages 6 ± 11 y and 12% for ages 12 ± 17 y. As the revision of the growth charts neared completion, preliminary data from the BMI charts were used in a more detailed analysis of overweight prevalence among youth. 5 Based on the 95th percentile of BMI, overweight prevalence was 11% for ages 6 ± 17 y, as well as for the subgroups ages 6 ± 11 y and 12 ± 17 y.
Conclusion
Despite the array of numbers, there was some consistency in these various reports. The main message from all of them was that overweight prevalence among youth in the US increased dramatically between NHANES II (1976 ± 1980) and NHANES III (1988 ± 1991 or 1988 ± 1994) . When overweight was de®ned by the 85th percentile of BMI, prevalence estimates from NHANES III were between 21 and 24%. When de®ned by the 95th percentile of BMI, prevalence estimates were between 11% and 13%. Using a different percentile cutoff to de®ne overweight has a dramatic effect on prevalence estimates. The slight differences within a consistent percentile de®nition came from changes in the population reference used (NHANES II, NHES, growth chart data) and the data described (three years vs six years of NHANES III). Varying the population reference or even the percentile cut-off did not affect the trends observed, despite leading to different prevalence estimates of each survey. This will be the case as long as a de®nition is applied consistently across time points observed for trends.
Although the release of the revised NCHSaCDC growth charts will provide an excellent population reference for describing overweight prevalence, various numbers are likely to be generated from the same data to describe obesity and overweight. This is because there is still no consensus on which percentile cutoff is most appropriate for classifying youth at risk for adverse health outcomes because of their weight. Obtaining consensus on a cut-off will be a challenge because it is dif®cult to link weight status in youth to chronic disease outcomes. The indirect nature of weight-height indices as a measure of adiposity will lead to continued development and use of other measures of body composition. As is always the case in science, if the methods are fully described, differing results can be understood. For description of overweight prevalence, this entails documenting the measurement used, the criterion for the condition of excess and the population reference used as a basis.
